Abstract. Detailed morphologies of the male copulatory organs of the Australian genera Anzacia, Intruda, Encoptarthria and Zelanda and the Holarctic genus Drassodes are presented. The homology of several palpal elements within the family Gnaphosidae is established. The possible homology of these structures with those in other spider families is discussed. The ground plan of the gnaphosoid genital bulb is compared with the bulb of other Entelegynae genera. Australasian spider genera have a peculiar organization of the male palpal organs. Thus, the Holarctic genus Drassodes was also analyzed for comparison. The analysis of the male copulatory organs is presented and its implication for classification of these groups is discussed. The taxonomic changes we make here are the transfer of four species from the genus Megamyrmaekion to genus Encoptarthria: E. echemophthalma (Simon 1908), E. penicillata (Simon 1908), E. perpusilla (Simon 1908), and E. vestigator (Simon 1908). One species is transferred from genus Echemus to genus Encoptarthria: E. grisea (L. Koch 1873). New synonymy established: Encoptarthria echemophthalmum (Simon 1908) 5 Encoptarthria serventyi Main 1954, syn. n.
The copulatory organs of male spiders are unique in the animal kingdom. They do not have a direct connection with the testes and are located at the distal segment of the male pedipalps. The internal sexual organs, the testes, lie as paired structures inside the abdomen (Foelix 1996) . Sperm is released through the ventral genital opening of the deferential ducts in the epigastric furrow. The male exudes the sperm through this opening onto a special sperm web. From here, it is collected into the fundus of the copulatory organ (Foelix 1996) . The sperm duct is a long, coiled tube that folds into a complex morphological structure, the genital bulb. The genital bulb is composed of inflatable membranes (hematodochae) and a set of sclerites (subtegulum, tegulum, and embolus). Usually it also bears additional accessory structures: projections and apophyses.
During copulation, the male transfers seminal fluid via the embolus into the female copulatory duct. It is widely accepted that the male palp fits specifically into the female epigynum of conspecifics. This assumption underlies the importance of male and female genitalia in species identification, since it was first used for this purpose (Westring 1861; Menge 1843 Menge , 1866 Wagner 1887; Comstock 1910 Comstock , 1920 . Every article or monograph on ground spider taxonomy includes illustrations of male and female copulatory organs. The structure of the genital bulb has been analyzed for some groups of gnaphosids (Miller 1967; Platnick & Shadab 1983) , and some primary homologous structures have been established. Senglet (2004) made a detailed analysis of the basic ground plan of the palp of zelotines. Our recent study of the Australian genus Encoptarthria Main 1954 shows that the bulb of these spiders is significantly more complex than in other gnaphosids. The embolar part of the bulb of Encoptarthria has a set of structures that are lacking in other ground spiders. However, these structures play an important role in Encoptarthria species identification. Observation of other encoptarthrein spiders shows that they have a remarkably complex palp organization and many structures that require standardized labeling. The most characteristic part of these spiders' male bulb is the apical division. This part of the male bulb is especially complex and has sclerites that are lacking in the bulbs of other gnaphosids. It is, therefore, necessary to examine and label the male copulatory organs to understand homologous structures and, hence, relations of the genus Encoptarthria with other ground spiders.
METHODS
Genital bulbs of the following species were studied: Anzacia gemmea (Dalmas 1919) Taxonomical changes.-Our research of Australian Gnaphosidae (manuscript in preparation) shows that some taxa are misplaced. Based on the structure of the copulatory organs, shape and position of the eyes and structure of the spinnerets, four species are transferred from the genus Megamyrmaekion Reuss 1834 to the genus Encoptarthria: E. echemophthalma (Simon 1908 ), E. penicillata (Simon 1908 ), E. perpusilla (Simon 1908) , and E. vestigator (Simon 1908) , and one species is transferred from the genus Echemus Simon 1878 to the genus Encoptarthria: Encoptarthria grisea (L. Koch 1873). One name is synonymized: Encoptarthria echemophthalmum (Simon 1908) 5 Encoptarthria serventyi Main 1954, syn. n.
Expansion of genital bulbs.-The left palps were detached and submerged overnight in a weak, watery solution of potassium hydroxide (KOH) at room temperature. This allowed the bulb to expand. The bulb was then transferred to distilled water, where expansion continued. All bulb dissections were preserved in 75% alcohol. Illustrations were made with the aid of a dissecting microscope (Nikon SMZ-U). Drawings were scanned and corrected using Photoshop software.
Homology.-To determine the homologous structures of the bulb, we used the following classical and widely applied criteria: 1) structure position; 2) morphological similarity with other known structures and 3) correspondence of the structure with other characters (Remane 1952; Patterson 1982; Sierwald 1990; Coddington 1990) .
Terminology.-It is generally accepted that the tripartite genital bulb in male spiders is plesiomorphic (Platnick & Gertsch 1976; Kraus 1978; Haupt 1983; Sierwald 1990 ). The present study supports the conclusion that large sclerites (subtegulum and tegulum) are homologous in all spiders. These sclerites are organized around the opening on one side and are blindly closed on the other side tube that serves as a temporary sperm reservoir. Before mating, males fill their palps with sperm, and sperm is stored there until mating occurs. The tube has an enlarged, closed end (the fundus), a long coiled tube (the sperm duct), and a narrow tube with an opening at the end (ejaculatory duct). The ejaculatory duct has Figure 1 .-Drassodus lapidosus, left palp, lateral view. BH -basal hematodocha; Cy -cymbium; E -embolus; ED -ejaculatory duct; MAmedian apophysis; MH -median hematodocha; Pet -petioles; RTA -retrolateral tibial apophysis; SD -sperm duct; St -subtegulum; T -tegulum. 328 an opening from which sperm is ejected into the female receptaculum seminis during copulation.
The sperm duct begins at the fundus and, in this study all structures that occupy a nearby position are considered proximal. All structures that are near the ejaculatory duct are considered distal. Structures near the alveolus of the cymbium in the unexpanded bulb are dorsal. Parts that occupy a ventral position are usually easily visible on the ventral side of the unexpanded bulb.
The median apophysis and conductor refer to the tegular apophyses. The conductor is an inflatable membranous projection on the upper surface of the first half of the tegulum. It is an outgrowth of the membranous walls of the tegulum. The tip of the conductor locates close to the embolus. The median apophysis is a heavily sclerotized structure that occupies a position distal from the conductor on the tegulum. It is connected to the tegulum via an inflatable membrane and is not directly associated with the embolus.
The term distal sclerotized tube was introduced by Sierwald (1990) , who gave this name for the identification of a tubular sclerotized structure that occupies the position between the tegulum and embolus and is connected to both structures by inflatable membranes. The distal sclerotized tube is a part of the apical bulb division. The apical bulb division is identified by the constriction of the sperm duct and its transformation into a narrow ejaculatory duct. This constriction of the sperm duct into the ejaculatory duct on the border between the distal part of tegulum and distal sclerotized tube is associated with the apical (embolar) bulb division. Sierwald's (1990) observations of the distal sclerotized tube was carried out on pisaurids. We use the distal sclerotized tube term here in the description of the gnaphosid's male bulb. However, the similar position and morphology of these sclerites in pisaurid and gnaphosid spiders does not imply their homology.
The distal apophysis is anchored via a membranous connection to the tegulum and simultaneously to the distal sclerotized tube. Thus, it attaches to both the middle and apical divisions of the genital bulb. The terminal and subterminal apophyses are structures of the apical division of the bulb. It is not clear whether these structures are homologous among gnaphosid spiders.
Senglet (2004) made a detailed study of the male palps of the genera Zelotes Gistel 1848, Drassyllus Chamberlin 1922 and Trachyzelotes Lohmander 1944. However, his usage of the various terms in some cases is questionable. Therefore, authors typically follow Sierwald's (1990) approach in labeling palp structures. Sierwald (1990) deliberately analyzed terms used in describing the male palps of pisaurid spiders. Her analysis is consistent, systemic and leans on the classical definition of homology (Remane 1952; Patterson 1982) .
Abbreviations used.-BH -basal hematodocha; Coconductor, Cy -cymbium, DA -Distal apophysis, DCLdistal conductor lobe, DST -distal sclerotized tube, DTMdistal tubular membrane, DTP -distal tegular projection, Eembolus, ED -ejaculatory duct, F -fulcrum, FSD -fundus of sperm duct, LA -lateral apophysis, LSA -lateral subterminal apophysis, MA -median apophysis, MCL -median conductor lobe, MH -median hematodocha, PCL -proximal conductor lobe, Pet -petioles, RTA -retrolateral tibial apophysis, SD -sperm duct, St -subtegulum, STAsubterminal apophysis, T -tegulum, TA -terminal apophysis, TM -terminal membrane.
RESULTS
Drassodes lapidosus (Walckenaer 1802) (Fig. 1) has a small and simple sharply pointed retrolateral tibial apophysis. The basal and median hematodochae are well developed and are clearly visible in an expanded palp. The subtegulum and tegulum are open spirals, not a closed ring, with a single loop. The conductor is a small membrane, weakly developed. The median apophysis has a heavily sclerotized tip in the shape of an eagle's beak and sits on the inflatable membrane. The apical division of the bulb has only the embolus. The embolus is comparatively short and barb-like. It is firmly and broadly attached to the distal part of the tegulum. The embolus of Drassodes appears to consist of only the truncus. The pars pendula is not developed.
Intruda signata (Hogg 1900) (Fig. 2 ) also has a small and simple-shaped retrolateral tibial apophysis. The basal and median hematodochae are visible and well developed. The subtegulum and tegulum are open spirals with a single loop. The conductor is well developed, with a membranous base and partially sclerotized tip that is divided into two lobes at the top. The embolus is a big strong spine, slightly curved. Walls of the convex side of embolus are heavily sclerotized and called the truncus. The concave side of the embolus is covered by an expandable membrane called the pars pendulum. The tip of the embolus in an unexpanded bulb rests in a groove between two lobes of the conductor. The median apophysis, which in all gnaphosid spiders is distal to the conductor on the tegulum, is a strong sclerotized hook that rests on an inflatable membranous base.
In general, the bulb construction of Intruda signata is very similar with that of Drassodes lapidosus. The difference between these two bulb types is the more complicated construction of the conductor and embolus in Intruda signata.
Anzacia gemmea (Dalmas 1919) (Fig. 3 ) has a palp similar to those of Drassodes and Intruda. It consists of the basal and median hematodochae, and the subtegulum and tegulum sclerites. The tegulum is armored with the conductor and median apophysis. The embolus, as in the two species above, is fused with the tegulum and immovable. The most specific characteristic of the male Anzacia palp is the special shape of conductor. It is a sclerotized structure subdivided into three lobes, which gives it the appearance of a cloverleaf. Zelanda erebus (L. Koch 1873) (Fig. 4) has a retrolateral tibial apophysis that is a simple hooked structure. The basal and median hematodochae are well developed. The subtegulum and tegulum are open spirals with a single loop. The distal portion of the tegulum overlaps slightly with the proximal part and creates a weakly pronounced distal tegular projection. The median apophysis is a strong, well-developed hook-shaped sclerite. It rests on a membranous structure, which is a projection of the membranous wall of the tegulum. The conductor is an inflatable membrane, the tip of which is closely associated with a comparatively short, boat-like shaped, laminar embolus. Next to the embolus, there is a spoon-shaped terminal apophysis and a ventrally grooved subterminal apophysis. The distal part of the embolus bears a membrane that is associated with the embolus. Very probably, this membrane plays a supporting role during copulation. Comstock (1910 Comstock ( , 1920 called this structure the ''distal hematodocha.'' However, because his use of the term sometimes referred to the membrane between the middle and apical divisions of the bulb and in other cases referred to part of the apical division only (Comstock 1910 (Comstock , 1920 , we avoid using this term. Instead, the extreme distal position of the membrane and its definite association with the tip of embolus suggests a more suitable terminology of ''terminal membrane''.
The retrolateral tibial apophysis of Encoptarthria echemophthalma (Simon 1908) (Fig. 5) has a very complex and variable shape and may be used for species identification. It is almost as long as the cymbium and has a sharp tip. The RTA is covered by massive heavily sclerotized dents that vary in number. The RTA lies in the groove on the dorsal side of the cymbium. The dents of the RTA cling to the brim of the dorsal cymbium's groove. This unique connection between the tibia and cymbium suggests that the RTA acts as an internal locking mechanism designed to prevent free rotation of the cymbium during copulation, similar to that observed in Theridiidae and Linyphiidae by Heimer (1982) and in Dolomedes tenebrosus Hentz 1844 by Sierwald & Coddington (1988) . The basal and median hematodochae are well developed as in the previous species. The conductor is a membranous inflatable sack. The median apophysis is a comparatively big hook with a dent on its concave side. The tegulum is a single coiled spiral sclerite. Its distal end overlaps with its proximal part and creates a very distinct distal tegular projection that forms a characteristic hump on the unexpanded bulb. The organization of the apical division of the bulb is significantly more complex than in all the previously studied spiders. It consists of a distal sclerotized tube, embolus and group of accessory sclerites. The distal sclerotized tube is a massive, heavily sclerotized tubular structure that is connected with the distal end of the tegulum through the distal tubular membrane. At the border between the tegulum and the distal sclerotized tube, the sperm duct is significantly narrower and transforms into the ejaculatory duct. The ejaculatory duct passes through the distal tubular membrane to the distal sclerotized tube and extends from here into the embolus. On the lateral side of the distal sclerotized tube is the lateral subterminal apophysis, and on its tip is the terminal apophysis. The fulcrum is a moveable structure that is partially membranous and partially sclerotized. It rests on the very tip of the apical division of the bulb that encloses some of the proximal part of the embolus. It very likely acts as a protective sheath. 
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The copulatory organs of Encoptarthria echemophthalma are significantly more complex than the males of other species. Their most important characteristics are: 1) increased complexity in the apical division of the bulb, with a distal sclerotized tube, lateral subterminal and terminal apophysises, and a fulcrum; and 2) a well-developed, species-specific retrolateral tibial apophysis.
Encoptarthria grisea (L. Koch 1873) (Fig. 6 ) has basic characteristics similar to E. echemophthalma. Its RTA is species-specific and may be used for identification of this spider. The conductor is a broad spoon-shaped inflatable membrane. The median apophysis is long and heavily sclerotized, with a curved and sharp hook at the tip. The apical division of E. grisea has the same structures as E. echemophthalma. The distal sclerotized tube, embolus, subterminal and terminal apophysises are present. The fulcrum of E. grisea is even more complex than that of E. echemophthalma. It consists of a set of small sclerites and inflatable membranes. Besides these structures, we have found an additional sclerotized apophysis on the border between the distal sclerotized tube and the tegulum. The sclerite that has a similar position and attachment to other bulb structures in pisaurids Sierwald (1990) is called the ''distal apophysis''. Authors think that it is reasonable to use this term in describing similar structures in gnaphosid spiders. However, usage of this term does not suppose the homology between them in pisaurid and gnaphosid spiders.
Encoptarthria penicillata (Simon 1908) (Fig. 7) . Figure 7 illustrates the most important bulb structures of E. penicillata. The distal apophysis in these spiders is a broad scale-like transparent sclerite at the base of the distal sclerotized tube. It attaches to the tegulum and distal sclerotized tube. This particular sclerite position was considered the distal apophysis by Sierwald (1990) . It is difficult to determine whether this structure is homologous to the sclerites in the same position of pisaurid spiders. The apical division of the bulb bears subterminal dentate and spoon-shaped terminal apophyses. The embolus is closely associated with the fulcrum, which supports the tip of the embolus.
DISCUSSION
Analysis of the species mentioned above provides the opportunity to reconstruct the basic ground plan of the spiders studied (Fig. 8) and helps us to draw conclusions about the general organization of the male palps of gnaphosid spiders. As seen in Fig. 8 , the ground plan of the gnaphosid palp is tripartite, including three basic sclerites: the subtegulum, tegulum and embolus, bound together by inflatable membranes. The membrane that attaches the subtegulum to the alveolus of the cymbium is a basal hematodocha. The median hematodocha binds the subtegulum and the tegulum. As indicated above, the use of the term distal hematodocha (Comstock 1910 (Comstock , 1920 ) is avoided because its description and Retrolateral view. BH -basal hematodocha; Co -conductor; Cycymbium; DTP -distal tegular projection; DST -distal sclerotized tube; E -embolus; ED -ejaculatory duct; F -fulcrum; FSD -fundus of sperm duct; MA -median apophysis; MH -median hematodocha; Pet -petioles; RTA -retrolateral tibial apophysis; SD -sperm duct; Stsubtegulum; TA -terminal apophysis; T -tegulum; TM -terminal membrane. 332 position in the bulb is not clearly identified. Thus, in one case, Comstock identifies the distal haematodocha as an expandable membrane that forms a wall on one side with the radix and stipes on the other side (Comstock 1920:177) . In other species its position is between the distal end of the stipes and the embolus and the terminal apophysis (Comstock 1920:179) , or between the terminal apophysis and median subterminal apophysis (Comstock 1920:181) . Instead, we propose the term ''distal tubular membrane'' (DTM) to refer to the membrane that connects the distal part of the tegulum with the proximal end of the distal sclerotized tube or embolus and the term ''terminal membrane'' (TM) to refer to the inflatable membrane associated with embolus. Senglet (2004) uses 'embolar hematodocha' to describe the structures of the male bulbs of Zelotes, Drassyllus, and Trachyzelotes. This embolar hematodocha corresponds to the terminal membrane of Zelanda and Encoptarthria. Murphy (2007) assigned Zelotes, Drassyllus, and Trachyzelotes to the Zelotes group, whereas Zelanda and Encoptarthria belong to the Echemus group. Homology between the embolar hematodocha and terminal membrane is questionable and needs further study.
Comparative analysis of palps shows that bulbs of Encoptarthria males differ significantly from other gnaphosid spiders by the complex organization of their apical division.
Beside the distal sclerotized tube, they also have a prominent distal apophysis. These are also closely related to the embolus terminal apophysis, fulcrum and terminal membrane. The latter structure was observed only in the sister group Zelanda. However, the palp of Zelanda has a much simpler organization in general. The terminal apophysis and terminal membrane (or terminal hematodocha) were also observed in Zelotes (Senglet 2004) . The most simply organized gnaphosid palps are those of Drassodes and Intruda. Their organization is based completely on the tripartite structure: the subtegulum, tegulum and embolus, which are supported by the conductor and median apophysis. There are no additional visible structures in the palps of these spiders.
The available material on palp ontogeny is scarce and describes only the development of the Salticidae (Wagner 1886; Barrows 1925; Harm 1934) , Agelenidae (Szombathy 1915) , Theridiidae (Barrows 1925; Bhatnagar & Rempel 1962) , Lycosidae (Barrows 1925; Sadana 1971) , Linyphiidae (Gassmann 1925) and Segestriidae (Harm 1931) . There are no data on male palpus ontogeny in gnaphosoid spiders. However, some general conclusions may be cautiously applied to gnaphosoid spiders as well. As studies show, the male genital bulb originates from the male palp claw fundament, which is responsible for the development of the dorsal claw 
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extensor and the ventral flexor tendon. At a very early stage, the cell mass of the claw fundament divides into dorsal and ventral parts. The ventral part forms the basal, middle and apical divisions of the bulb, including the sperm duct. The dorsal part gives rise to the conductor and the median apophysis. The ventral cellular mass divides two times. At the first division, the apical division of the palp (embolus) is separated from the still undivided basal and middle divisions. The separation of basal and middle divisions (subtegulum and tegulum) occurs later in ontogeny. There is a strong relationship between the subdivision of the sperm duct and the major sclerites of the bulb. The fundus occupies the position inside the subtegulum. The sperm duct sensu stricto extends through the tegulum. The ejaculatory duct begins as a constriction of the sperm duct on the border between the tegulum (middle bulb division) and apical bulb division and opens at the embolar tip (Fig. 8) . On the border between the middle and apical parts of the bulb, the sperm duct narrows into an ejaculatory duct. Thus, this constriction can be used as a criterion for separation of the structures of the middle and apical parts. According to this criterion, the distal sclerotized tube is a part of the apical division of the bulb, because it lies distal to this constriction. If the tripartite genital bulb in male spiders is a plesiomorphic character (Platnick & Gertsch 1976; Kraus 1978; Haupt 1983; Coddington 1990; Sierwald 1990) , then the large sclerites (subtegulum, tegulum and embolus) of all Entelegynae are homologous. In this case, the palp structure of Zelanda is the most basal and is structurally similar to that of the common ancestor. Its basic characteristics are a tripartite bulb divided on the subtegulum, tegulum, and embolus and flexibly jointed by inflatable membranes (basal hematodocha, middle hematodocha, and distal tubular membrane). Bulbs of other spiders are derived from this ''simple'' form. Encoptarthria has a more complex organization of the embolar part than that of Zelanda. The same tendency of increasing bulb complexity was observed in genera Zelotes, Drassyllus and Trachyzelotes (Miller 1967; Platnick & Shadab 1983; Senglet 2004 ). All these spiders have an apical division of the bulb that is subdivided into the distal sclerotized tube and the embolus itself. In Zelotes Platnick & Shadab (1983) described an intercalated sclerite, which according to our study most likely corresponds to the distal sclerotized tube of Encoptarthria. Both the intercalated sclerite of Zelotes and the distal sclerotized tube in Encoptarthria are movably connected on one side with the tegulum and on the other side with the embolus. The apical part of the bulb of these spiders also has additional sclerites, such as the subterminal, terminal apophyses and the fulcrum. On the other hand, the male bulbs of Anzacia, Drassodes and Intruda are more simply organized than those of Zelanda, Zelotes, and Encoptarthria. The proximal side of the embolus in Anzacia, Drassodes and Intruda is fused with the distal end of the tegulum. Thus, the embolus in these species is firmly attached to the tegulum, and the distal tubular membrane is absent.
The goal of the present study is to analyze and label the structures of the male genital bulb of Encoptarthria spiders as well as the male genital bulbs of the Australian genera Anzacia, Intruda, and Zelanda. The material studied is not sufficient to make evolutionary statements. For a solid evolutionary analysis, further study of the male bulb of other gnaphosid genera and closely related groups is required. Absence of material on gnaphosid palp ontogeny prevents us from making stronger statements on the homology of some structures. However, as studies on male bulb development in other groups show, the cellular mass that gives rise to apical division separates from the other parts at the first division (Wagner 1886; Szombathy 1915; Barrows 1925; Gassmann 1925; Harm 1931 Harm , 1934 Bhatnagar & Rempel 1962; Sadana 1971) . Thus, separation of the embolus from other sclerites takes place in the earliest stages of male bulb development and is the plesiomorphic character for the Entelegynae spiders. In this case, the organization of the tripartite bulb is a plesiomorphic state of a gnaphosid bulb. The state where the embolus is firmly attached to the tegulum is most probably a derived condition of male genital bulb organization. One may very cautiously conclude that it most likely represents a general trend in evolution of the male bulb of gnaphosid spiders.
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